A rapid procedure of determination, without digestion, for trace metals in cow's milk was devised by the use of a polarized Zeeman atomic absorption spectrophotometer and graphite atomizers.
Introduction
Cow's milk is an important food, being a source of essential minerals and protein of good quality.
On the other hand, milk sometimes contains harmful metals derived from environmental pollution.
Therefore, the determination of trace metals in milk is important from the viewpoint of both public health and nutrition. For such determination, however, it is usually necessary to carry out pretreatment procedures such as wet or dry digestion and extraction with a chelating agent to concentrate the metal.1)-13),
These procedures are not desirable for analysis of a number of samples because they are timeconsuming, and also there is a risk of loss of some of the metal.
In order to simplify the procedures, we tried to analyze the metal by drying and ashing the sample in a graphite atomizer for flameless atomic absorption spectrometry. This procedure is usually useful to analyze metals in a liquid sample readily and rapidly, but is not applicable directly to milk because of its viscosity, which causes bumping during drying, and the high content of calcium, which leads to significant error in the determination of trace metals.
To overcome these difficulties we looked for suitable conditions using a polarized Zeeman atomic absorption spectrophotometer in which the background absorption is corrected accurately when the absorbance is less than 1.5. Dilution of milk with organic solvents was tried to prevent bumping in the atomizer, then application of the standard addition method and simplified standard addition method was examined to prevent the interference of calcium, and the results were compared with those obtained by the conventional method using wet digestion and solvent extraction.
Experimental

Samples
Milk samples were purchased from markets.
Reagents Metal solutions
The following reagents, which were of the grade for atomic absorption analysis (Wako Pure Chemical Industries Ltd.), were diluted to the required concentrations: cupric chloride in 0.1 N hydrochloric acid, zinc nitrate in 0.1 N nitric acid, ferric chloride in 0.1 N hydrochloric acid, cadmium chloride in 1 N hydrochloric acid, and lead nitrate in 1 N nitric acid, each containing 1,000 mg/L of the metal.
Standard metal solutions For the standard addition method, standard metal solutions were prepared so as to contain copper at the concentrations of 20, 40 and 80 pg Cu/L, and iron at the concentrations of 200, 400 and 800 pg Fe/L by diluting the above-mentioned metal solutions with water.
For the simplified standard addition method, standard metal solutions were prepared as shown in Fig. 2 The wavelength, lamp current and slit width of the spectrophotometer for the determination of the metals are shown in Table 1 , and the heating programme of the graphite atomizer is shown in Table 2 . Nitrogen was used as the carrier gas at a flow rate of 200 ml/min, but the flow was stopped during the atomizing stage to increase the detection sensitivity14).
The sample solutions were prepared as mentioned in Scheme 1. The amounts of metals added were 10, 20 and 40 pg Cu/L, and 100, 200 and 400 pg Fe/L. The blank solution was prepared in the same manner using water in place of milk and metal solution.
For the determination, 10 p1 of the solution was used. A small amount of the solution often remained in the micropipette tip due to the viscosity of the sample solution, so the tip was rinsed when necessary with 10 p1 of the blank solution and the washing was combined with the sample solution in the graphite atomizer.
The determination was repeated 5 times or more and the mean of results excluding the highest and lowest values was calculated. The peak height mode was used for calculation. A calibration curve was also prepared with the standard metal solutions to examine the slopedifference ratio (See Results and Discussion 2) with the calibration curve prepared with the sample solutions. (2) Simplified standard addition method
The wavelength, lamp current and slit width of the spectrophotometer for the determination of the metals are shown in Table 1 , and the heating programme of the graphite atomizer is shown in Table 3 . Nitrogen was used as the carrier gas in the same manner as for the standard addition method. The sample solutions were prepared as shown in Scheme 2, and milk was finally diluted twice. For the determination of cadmium, 1/5-and 3/10-fold diluted milk was used to reduce the background absorption, so the milk was finally diluted 1/10-and 3/20-fold. The standard metal solutions were also prepared as mentioned before, and the blank was prepared using water in place of the metal solution.
The operation was carried out as shown in Scheme 3. An aliquot (10 pl) of the sample solution was put into the graphite atomizer and dried, then 10 pl of a standard metal solution was placed in the atomizer, and the drying, ashing and atomizing were carried out according to the programme shown in Table 3 . When the difference between the initial two results was within +5% of the first value, the mean of the two values was calculated, and when the difference was not within +5%, the mean of three results was calculated. The peak area mode was used for the measurement.
As the results of determination for cadmium varied considerably, the determination was repeated 5 times, and the mean of three values excluding the highest and lowest values was calculated. The peak height mode was used for the determination of cadmium, because the height of absorbance was rather low and the use of the peak area mode seemed inappropriate. (3) Wet digestion-solvent extraction method (abbreviated as digestion-extraction method) The conventional method with wet digestion of the sample and extraction of the metal was carried out for determining copper and zinc, according to the Standard Methods of Analysis of Milk and Milk Products recommended by the Pharmaceutical Society of Japan15), to compare the results with those of the standard addition method and simplified standard addition method. The blank solution was prepared by the same procedures using water in place of milk. The calibration curve was made by using standard metal solution which were taken through the same procedures.
For the determination of metals by atomic absorption spectometry, the conditions of carrier gas, lamp current, wavelength and slit width were the same as those of the simplified standard addition method described above. Aliquots of 10 ul of the sample solution were used for the determination.
The heating programme of graphite atomizer is shown in Table 4 .
Results and Discussion 1. Study on preparation of samples of milk suitable for drying in graphite atomizer Milk causes bumping when heated in a graphite atomizer because of its viscosity. Accordingly, addition of organic solvents was examined in order to promote drying without bumping. The addition of n-propyl alcohol, n-amyl alcohol, n-octyl alcohol and acetone caused coagulation of the milk, giving a precipitate. With methanol no coagulation was observed, but a long drying time was needed.
However, the addition of ethanol to milk at the concentration of about 10-30 v/v % enabled drying without bumping and the reproducibility of the results of determination of metals after the drying was good.
To test the freshness of milk, there is a method16), which involves gentle mixing with an equal amount of 70 v/v% ethanol, resulting no coagulation when the milk is fresh, although addition of undiluted ethanol coagulates fresh milk slightly. Consequently, the sample preparation was carried out as shown in Scheme 1 and 2. As for the drying conditions, a ramp-mode heating programme was adopted and a drying time of 30 sec or more was selected.
2: Other conditions for determination
When determination by means of the usual flameless atomic absorption spectrometry was showed a good linearity but the slope-difference ratio was 29.2%, so that the method seemed to be inappropriate for the determination of copper. However, the results obtained by the simplified standard addition method were satisfactory. The slope-difference ratio was -10.8 %, as shown in Fig. 1 . The value obtained was similar to that obtained by the digestion-extraction method from the same sample, i.e, the former was 39.1 pug/L and the latter was 35.1 ug/L.
(2) Determination of zinc When the determination was carried out at the wavelength of 213.8 nm, the primary resonance line, the reproducibility was poor because of the high absorbance, which may be considerably affected by zinc present in the environment21). Thus, the wavelength of 307.6 nm, the secondary resonance line, was used for the determination. Although the absorbance of this line is about 1/1,000 of that at 213.8 nm, it was enough because the content of zinc in milk is usually of the order of a few milligrams per liter. Table 5 shows calibration curves prepared with standard zinc solutions using the wavelength of 307.6 nm and different slit widths, 0.2, 0.4, 1.3 and 2.6 nm. With 0.2 nm the absorbance was higher than the others, but the correlation coefficient between the absorbance and content was lower. The other slit widths gave similar values of absorbance and correlation coefficient. The width of 1.3 nm was used for the determination.
Under these conditions the standard addition method was attempted, but the slope-difference ratio varied considerably. Thus, the simplified standard addition method was attempted.
The calibration curves prepared with standard zinc solutions by the simplified standard addition method are shown in Fig. 2 . The slope-difference ratio was -14.5%. The value, 3.84 mg/L, obtained by this method was the same as that obtained by the digestionextraction method from the same sample.
(3) Determination of iron
To carry out the determination of iron with the primary resonance line of 248.3 nm, the slit should narrow to avoid interference from the neighboring line, but the result of determination with the slit width of 0.2 nm was not good, i.e., the reproducibility was poor, possibly partly because of the influence of iron present in the environment.
The use of the wavelength of 302.1 nm, whose absorbance is about 1/4 of that at 248.3 nm, was therefore examined. Table 6 Consequently, the measurement was carried out with a 1.3 nm slit width at the wavelength of 302.1 urn.
However, the slope-difference ratio was over 100% for the standard addition method under these conditions, so the simplified standard addition method with peak area measurement was examined.
As shown in Fig. 3 , the result was satisfactory,
i.e., the slope-difference ratio was -5.8%, and the content determined was 509.5 ug/L which seems reasonable in relation to the values reported in other referencese6,)7).
(4) Determination of lead Lead forms its chloride when the matrix containing sodium chloride is heated to ash, and the chloride vapourizes at rather low tempera- Fig. 3 ). Milk usually contains significant amounts of sodium and chloride, and therefore losses of lead due to vaporization as the chloride easily occur during ashing. If the ashing temperature is lowered in order to prevent the vaporization, the ashing may be incomplete and the background absorption will be higher. In fact, the standard addition method was not applicable for the determination of lead because of the high background absorbance, which was more than 1.5 under the conditions of Table 2 . On the other hand, the result of the simplified standard addition method was satisfactory, may be because of the completion of ashing in the presence of nitric acid in the standard metal solution.
As shown in Fig. 4 , the slope-difference ratio was 3.0%, and the background absorbance was 1.0-1.3.
The value obtained was 4.92 pg Pb/L in milk, and this is comparable to the reported values of around 1-60 pg/L.
(5) Determination of cadmium Like lead, cadmium in milk forms its chloride during ashing, and this vaporizes at rather low temperature23). Therefore, the ashing temperature should be lowered, so the ashing may be incomplete and the background absorption increases.
Therefore, it was decided to apply the simplified standard addition method since ashing should be complete owing to the presence of nitric acid in the standard metal solution.
The wavelength usually used for the determination of cadmium is in the UV region where the intensity light intensity of hollow cathode lamp is weak23). In addition, chlorides of alkaline earth and alkali metals exhibit strong molecular absorption near the wavelength of cadmium24),25). Actually, when milk was analyzed by the simplified standard addition method, the background absorbance was 2.5-2.9. In order to reduce it, the addition of an interference inhibitor, i.e. ammonium nitrate, and modification of the wavelength and the flow of carrier gas at the atomizing stage were examined. Then dilution of the milk was attempted, and a good result was obtained. The sample solution was prepared with milk diluted with water as shown in Scheme 2.
The ratio of dilution was decided considering the cadmium content in milk, the limit of detection of cadmium at 228.8 nm and the background absorbance.
At dilutions of 1/5-and 3/10-fold, the absorbances of sample solutions at 228.8 nm were 0.011-0.026 and 0.025-0.035, respectively, and the background absorbance was less than 1.5 (within the limit which could be corrected by the spectrophotometer used), but it was more than 1.5 at 2/5-fold dilution. The range of concentration of standard metal solution, 1-4pg/L, was adequate when 1/5-fold diluted milk was used. The results of the simplified standard addition method under these conditions were satisfactory. Fig. 5 shows the result with a sample prepared with 1/5-fold diluted milk. The slope-difference ratio was -14.6%.
The result (13.3 pg Cd/L in milk) is comparable to the values which have been reported4,)6),9) 3. Conclusion By preparing the sample solution from milk to which 70 v/v % ethanol had been added and by using standard metal solutions containing nitric acid, several metals in milk could be determined successfully by the simplified standard addition method with a polarized Zeeman atomic absorption spectrophotometer without troublesome pretreatments such as digestion, extraction and concentration.
This procedure is useful to test a large number of samples of milk rapidly, and requires only a small amount of milk, although some modifications of detail may be necessary depending on the quality of the samples, e.g. higher contents of fat and protein.
Similar procedures should be applicable to determine metals in other organic matrices.
